DOCOBEII BESUBE 



BO 179 U13 



SI 029 U36 



AUTHOR 
TITLE 

INSTITUTION 



SPONS AGBNCK 
PUB OAT£ 
GRANT ' 
NOlE 



EDHS PRICE 
DESCRIPTORS 



IDENTIFIERS 



friedland, Janes 

Huntington II Simolaticu Program - fH, student 
workbook. Teacher's Guide, and Bescurce Handbook, 
Digital Fquipaent corp., Maynard, Mass,; State Univ. 
of New York, Stony Bfcok. Huntington Coisputer 
Project, 

National Science Foundation, washingtcn, D,C, 

Oct 7 3 

NSF-GH-5B83 

62p,; For related docunents, see St 029 (^34*i440 and 
ED 09 3 etlil-eilS: Not Available in hard ccpy due to 
aarginal legibility of original document 

MF01 Plus Postage, PC Not Available from EDRS, 
♦Biology: *ch€mistry: ♦Computer Assisted Instruction; 
Ghme Theory; Mathematics Education; Models; 
♦Physiology: ♦Science Educaticu; Secondary Educatioii; 
♦Simulaticn 
♦Enzymes 



ABSTRACT 

Described is the computer simulaticn program "PH, " 
The program consists of ^hree different laboratory investigations 
dealing with the pH specificity of enzymes. The purpose of the 
program is to enable tenth- tc twelfth-grade students tc determine a 
possible explanation for pH specificity in an experimental, but 
mathematical, fashion. (Author/RE) 
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3TVDEf}T rnWAL 



I. INTRODUCTION 



Knzvmes are pH specific; that is, they work best at certain pH values. 
For example v^vsIk^ the enzyme that digests protein in your stomach, works 
wVll al nH values of 1 and 2 but doesn't work at all at pH 9. Why? 

Scientists have not yet agreed on an answer to this question, but there 
art' several theories. The FH program allows you to explore one of these 
tlu'ories without having to do the required math. 

The theory that the PH program is base^d on holds that pH specificity 
r:m be traced to the behavior of ionizable amino acicjs present at the active 
site. By L»:iza})'ie we me.an that the amino acids can become charged. The 
; •r- ' .^'f Is the particular location on^Jiiie enzyme where catalysis occurs. 

Studies of many different enzymes iTidicate that there are usually 
ionized amino acids present at an active site. Amino acids that take a 
positive (+) charge are called basic amino acids, those that take a negative 
(-) eh iri.;e' acidic amino acids. There are. only a few of each kind. Some of 
tiiest^ are listed below: v 



BASIC AMINO ACIDS 
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(shown in Ionized form) 
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I 'll' a^ 1 1 i t V c^r an rimlno acid to become charged can be very Important 
t ,x eu'V'f^v- a- ^ivitv it, f or ^^xamph- , 1 1 Ik thc-at;tr<actJ.oiv-^£ -oppxiaita 

charges that is rpsnonsible for hold- 
ing the enzyme's substrate . (the sab- 
stance the en7>yine ;^orks on) In correct 
position on the surface of the enzyme 
during catalysis. 




type .M" 
\' o u will 



As we said before, pH specificity can 
probably be traced to the behavi^)r of 
ionizable amino acids present at tiie 
active site, the explanation for tliis 
being the different pH values at which 
different amino acids become char^;o(l. 
Does it matter how many amino acids 
are prcs(mt at a site^? Does the 
imitM> u id makr any difference? These are some of the questions 
t TV t'> mswj^r vith the PH program. 
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THE PH INVESTIGATIONS 



The PU model predicts high enzyme activity when the active site is 
pro|berlv charged .ancf low enzyme activity when there is an improper chal-ge 
at the active site. As you have already read, the lonizable amino acids 
become charged only- at certain pH values, some at high pH only and some 
at low oH only. Throu'gh this investigation you should be able to figure 
out at what pH each of the seven lonizable amino acids is charged. 

f ' ' 

F.xperimt'nt 1 WHAT PATTERN OF ENZYME ACTIVITY 

VfOULD BE EXPECTED IF AN ENZYME 
HAD ONLY ONE CHARGED ACIDIC 
AMINO ACID -AT ITS ACTIVE SITE? 

To answer the question it will be necessary to run Pit at least once 
and possibly several times. If you find it necessary to run PH more than 
once, remember that in a controlled experiment only one thing Is varied 
from experiment to experiment, all other variables remaining constant. 



Thf program will first ask you for a series of inputs: 



HOW MANY lONIZABLK AMINO ACIDS AT ACTIVE SITE? 



V. 



The question above gives you the answer to this question. 
You may want to enter this answer on an INPUT SHEET (see 
end of this Manual) . 



I'hc computer will next ask; 



AMINO ACID 1 CODE NO.? 

These are the code numbers for each of the acids: 

1 = aspartic acid 

2 = -cysteine 

3 = glutamic acid 
^ - tyrosine 

^ arginine 

6 = hi St id I no 

7 = lysine 



Numbers 1 throu -h 4 are acidic amino acids, while 
numbers 5 through 7 are basic amino acids. 



Si.UULl) [I HK CiiAKiiKl) (I-YKS, <3-N0)? 



\sc. asruiriii' in this experimi'nt tli.it the amino acid mus^ 
be in tho charged condition for en/ymo activity, 

P!i ii:V\'(;r; kok imis kximirimknt: 

LDWKK LI Mi r? 

uiMM'.R i.iMir; 

Since we are interestod in enzynie activity over the 
entire pH range, you should select vour limits accord- 
ingly. (You are limited .to the range from 0 to 14.) 



/ i I fop uou to vlcv: jouv cxp^'^r^ir^icnt 'znd 
'^'*^•e^^ /v^^/or^/; uoii go to the :\i^n^utev. You (y:m uc-u 
?• >A£v/:>;;i' T::PU7 i^ilEVr:^ inolud^.d at thr hack o r ^lr\ 



Wiien vou have tinlshed entering your inputs, the computer will carry 
out tiie neeessarv calculations and then give you the results In graphical 
torin, }:r\/vme a( tivitv will be plotted on the y-axis, and pH on the x-axis. 
Kemember ili it a c omputer graph always comes out sidt^.uays y so you will have 
%u turn it on i side for easier reading. 



tNZyME: ACTIVITY 



X 



Hd 



TURNED OVER FOR READING 



AS IT COMES 
OFF THE 
TELETYPE 



can an^>Ji':r f.ollowlnR question: 



Kxpcrimeni 2 



WHAT ENZYME ACTIVITY PATTERN WOULD BE EXPECTED FOR 
AN ENZYME THAT REQUIRES ONE CHARGED BASIC AMINO ACID 
AT THE ACTIVE SITE FOR ENZYME ACTIVITY? 



[f you did not carry out Experiment 1, please read Experiment 1 
Instructions first. 

Since the only change for Experiment 2 is in the type of ionizable' 

amino acid present, your inputs should differ for only one question. ' 



AMINO ACID I CODE NO.? 

Amino acids coded 5-7 are basic amino acids. 



A^rtiti, ho sure to record your inputs on a COMPUTER INPUT SHEET before going 
to the maohint'. 

At the end of this experiment you should be able to answer the question 

OWR WHICH pH RArJGE, 0.7 Oft 7-24, SHOULD. AN ENZYME -THAT 
REQUIREC' ONE CHARGED BASIC AMINO ACID VORK BEST? 

il II 

Kxpor iment 3 l-'HAT PATTERN OF ENZYME ACTIVITY WOULD BE ASSOCIATED 

WITH AN ENZYME THAT REQUIRES TWO CHARGED AMINO ACIDS 
AT THE ACTIVE SITE, ONE ACIDIC AND- ONE BASIC? ( 

I 

It vou did not carry out Experiment 1, be sure to read the instructions 
start iriK < -i pa^e 3 before going on. 

For this experiment you will have to enter inputs for the following 

questions: 



• now M.V\Y roNIZARLE AMINO ACIDS AT ACTIVE SITE? 

• AMINO ACID 1 CODE NO.? 

S.40UU) [T BK CHARGED (]=YES, 0=NO) ? 

• AMINO ACID 2 CODE NO.? 

SHOUIJ) IT BF, CHARGED (l=YI-:S, 0=NO) ? 

• I'H R^\NGE FOR THIS EXFKRIMENT? 

LO'v'KR LIMIT? 
UI'PFR LIMIT? 



SLnce thvte are many possible - combinations of amino acids that can be 
ustnl In thiy oxperiment , U may be wise to do several runs or to compare 
your rosults with those of other groups doing the same experiment. 

Dov't forget to record your inputs on one of the computer INPUT SHEETS 
(Included .it the back of this Manual) before you begin. 

When vou have Completed Experiment 3, you should be able to answer the 
loltnwinji question: 



i/Z/yir 'TtiNERAL PATTERN OF ACTIVITY CAV BE EXI'ECIEP FOR 
.4.7 OCy,"^ WTPH TWO IONIZED AMINO ACTPS AT ITS .4 
r:rE, lF O'lK IS AGIDIC AND THE 'r/THER BASfC? 



I 

n At wiint pH v.iuos ^^'hlgh or low) are the acidic amino r.cids charged? 

n At what ,M values/(hiKh or low) are the basic amino acids charged? 

'Al' .in works best onlv at low pH values of 1 or 2. U^hat tvpe(s) 
M .iiari;;'.! amino acids might be found at its active site? 



3) 



^) M.-.t .n.v-vs in Jiving cells work best around a pH of 6, 7 or 8 

Kul do n..L work at all in very high or very low pH's. Wliat kindfcO 
^^r .t:>iui • a( Ids mii'jiC cause this behavl nr? 



' V / .'.V'V • A 'I' IV A : T:i:\ .4. ::;r:':-\ 

" ■ ^^^^t i^'i'^i in ^V■/■■V;^.^7/l ''rO.V IVi^ an Incrc'^ise in the nuir>- 
^ tlc-u r.slrirts thi^ raago of pH in which the enzyme will 
•Mti'u desirable; for Instancei we want pepsin to fi nc- 
■r iu'.lv .h^idlr stom.ich and not In the slightiv alkaline 

uu' ion tliat if two amino acids at the active site 
.wii.>r iridic) ran produce a restricted activity range, 
1 v:'a. iMve :'U)re tlian two ionizable amino acids at its 
' n;swet ti: t.his question lies in the possibility of the 
l id ; doir.y^ more than just restricting the pH range over 
function.^; thev uiav also be taking part in the catalysis 
'Hu r-'f >ro, Li an enxynie required more than two types 
iii- Urvd\ to Kwrvy out catalvsis, there would -be more than 

'.'^Vjiinn is designed to allow you to explore the conse- 
: ' vMU' .)r two more charged amino acids at the active 
^ Ilow tlie i)iitllne of experiments offered here, or 
' M <iM(>v;sj I'xperiment on your own. 



^ ^ . 

!^ rHKRl: MORI-; IlbXN ONE COMBINATION OF IVO 
ACIDS THAT WILL PRODUCE A MAXIMITM 

AM I VI TV IN THK OF pH 7? 

t v'Mt )>riSinat ions of two amino acids (they need not bo 
'!^M' I fu' ai'le to i ind a combination that produces a pat- 
u t ivitv at nil 7 with a sham falling off of 
i fio .sample graph below). 
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PH 



^•I'i^r to first dotermin<» t!ie individual 

■■v.w ' ti' ^ a' ■ i ds , ) 



K xiHyr lnuMit 2 WHAT IS THP. KFFIiCT'OF ADDING A THIRD 

AMINO AT THE ACTIVE SLTE? 

Oncf >\Hi have complett»d Kxperiment 1, It Is possible to extt^nd that 
liae of inquiry to see the efTecr of Adding a third lonlzable amino acid 
at the. active site. What Is the effcH:t of adding an amino acid already 
present as vipposed to an amino arid not currently at? the active site? 

t jiu'stiou ! The addition of which amino add had the least .e>ffect activity 



Kxperir^imt 3 * WHAT TS ^llE EFFECT OF ADDING A FOURTH AMINO ACID AT 

THE ACTIVE SITE, ASSUMING THAT ACTIVITY IS MODERATE 
TO HIGH WITH THREE lONIZABLE A^MINO ACIDS PRESENT? 

Select the combination from Experiment 2 that resulted In the highest 
relative actlvitv at pH 7. Find the effect of adding another amino acid 
at tac attlVe site. 

Question : M' enzyme activity is high with three ioni .ble amino acids 
present, will the addition of a fourth amino acid improve 
the relative activity of the enzyme? 

(Optional) Is thert^ another combination of amino acids that will 
produce higher activity at pH 7? 



r>)I.LOW-U[> (jUKSTlONS FOR ;.v:^':V";Y7..i7'7av ^IP. 

:) All other factors being th(^ same, does the addition of another 
ionizable amino acid improve the activity of an enzvme? 

2) Whv night a certain enzyme have three or four lonlzable amino 

.ik^ids at its active site? 



\) Wliile knowledge of the detailed structure of most enzymes Is 

still lacking, tliere are Indications chat most enzymes have only 
^>n.» i>r t\>JO lonlzable c^mino acids at the active site, ^^y might 
tUls rnaki* sense* from the Investigation tliat vou just carried out: 

4) Assume that an etizvme works well with two ionlzable amino acids 
at the active site. If an animal were born with a mutation that 
caused a third lonlzable amino acid to be placed at the active 
site, what Would be th^» chances that the mutation would be. pa.-.scd 
on? WHY ; 



8 / 



/ ■ 




.vrv.-;-" ;,i;7 'v/'/-' '!'!!!■: A^'nvr- 
I 



rtu' i»n/.vmc aci»tv loh()].ines torase catalyzes tlu? breakdown the chemicai 
.u.i'i vli'hol ino. reaction is very' important for tlvo proper functioning 

|"t^t" tl\f nervous ^^vstein, 

KirsL you'll bo >»,Lven somi^ nocei^sary background on this enzyme anj:l 
Its .letive site, Lhen.you'li be asked to liyp3thesi:ie which ionizable amino 
ocLd.-> tni:J,ht he l.jcated at the active site. This question you can aCt.eciitt 
Co .uiswtT usiru^ the/P.7 program. The method of investigation- is tbtaliy up 
to vou. 



I'aekv^ r ':>unJ - tavl ocholinesterase catalyzes the foMcuing reaction in Livln;; 

A. ftv Ichol ine — . »^ Acetic Acid + Choline 

nli studi ^ of this' eiizymt! show It to have a maximimi activity at 
aptM'oximnt t« I y 8.S, When its activity is piotUrd a^gainst pH, a "bell- 
shapov! curvt''* rt'sults. 

^t. udirs of hot!) thi* enzyme and the substrate indicate tlie active 
^it*' m.iv ltM)r llk(»Vthr following: 

)" ■ ■ 




It is thoiiv^iit: that there are two ionizable amino acids at the active 
•i^*'. I'iie -iniiu) acid at siLe A In the diagram above is thought t(^ carrv 
.1 iv>Mtivo (' - ) ch.rgc while the amino acid at site 1^ is thought to remnifi 
ui'.ili.i r '.mmI wht'u the en/.vme is activt^. 

Your task is to dott^rmlne whicjh amino acid(s) 
iiiii\ht he at sites A and B. 



FOaoW^lTP QUESTIONS FOR INVESTIGATION ff3 

\ 

1) Should the amino acid at s ee A be acidic or basic? WHY? 

2) If there were no iontzable amino acid at site B» what would 
the sketch of the activity curve look like? 

3) If there were an uncharged ionlzable amino acid at site 
should It be acidly or basic? WHY? 

/ , . ^ 

A) Wliat amino acid(s) is probably at site A? 

5) Wliat amino acid(s) is probably at site B? 

6) (Optional) Are there any other combinations of amino acids 
l^charged or uncharged) that might produce maximum activity at 
or near pH 8.5? 
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PH COMPUTER INPUT SHEET 

/ ' 



N'O. ION I Z ABLE AMINO ACIDS 


RUN 1 


RUN 2 


RUN 3 


RUN A 


















AMINO ACID 1 CODE NO. 

CHARGED (1=YES, 0=NO) 






\ 





















AMINO ACID 2 CODE NO.* 
CHARGED (1=YES, 0=NO) 


• 
















• 


■■ ■ - 






AMINO ACID 3 CODE NO.* 
CHARGED (l=YES, 0=NO) 


























AMINO ACID 4 CODE NO.* 
CHARGED (I-YES, 0«NO) 


























PH R/\NGE: 

UiWER LIMIT 
UPPER LIMIT 



























I 



If you are using fewer than 4 lonlzable amino acids, leave 
m appropriate number of these blank. 



OIQITAl EQUIPMENT CORPORATION 



TEACHER S GUIDE $ .50 




' / 

Huntington II Simulation Program -PH 



DIGITAL EQUIPMENT CORPORATLON 

EDUCATIONAL PUBLICATIONS / 



A partial list of the publications in the continuing series of 
-curriculum material published by Digital for use with EduSy9tems 
and RSTS are listed below. Please inquire directly for prices 
on classroom quantities. 

These publications may be ordered (cash enclosed) from: 

Software Distribution Center 
Digital Equipment Corporation 
Maynard, Massachvisetts 01754 



Populution: Self Teaching BASIC Wor]cbook $2.00 

101 BASIC Computer Games $5.00 
Understanding Mathematics and Logic Using BASIC Computer Games $1.50 

BASIC Matrix Operations « Project Solo $1.00 

Computer Augmented Calculus Topics $1.50 

Problems for Computer Mathematics $1.?5 

Advanced Problems for Computer Mathematics $2.00 

Tutorial Exercises for Chemistry Student Workbook $1.00 

Teacher's Resource $2.75 

BASIC Application Programs 

Mathematics I $1.00 

Mathematics II 1.00 

Science . 1.00 

Business and Social Studies ^ 1.00 

Plotting 1.00 

Chemistry 1.50 

Huntington I Application Programs 

Mathematics $2.00 

Teacher Assista^nce 1.00 

Huntington I Simulation Programs 

Biology ' $1.00 

Chemistry 2.00 

Earth Science 1.00 

Physics 2.00 

Social Studies 1.00 

Huntington II Simulation Modules / 

Student Workbook $.30 - .50 

Teacher's Guide ' .30 - .50 

Resource Handbook .50 - 1.00 

Program Paper Tape .50-1.00 




TEACHER HANUAL 




f 



THE PH SPECIFICITY OF ENZYMES 



\ 

Develooed by: 




ENZYME ^ 



James Frledland, General D» MacArthur High School 

Lfevlttown, New York 




Support Material by: 
James Frledland 

Kirs ten Moy, State University of New York 

Stony Brook, New York 



ProRrammed by: 



James ' Ftrjtedland ^ 

Larry Kaufman, State University of New York 

Stony Brook, New York 



• 



\ 



\ 

ERIC 



HUNTINGTON TWO COMPUTER PROJECT 

Copyright © 1973, State University of New York 

14 October 1973 



The work of the Huntington Two Computer Project is partially 
supported by the National Science Foundation, Grant GW-5883* 



^ PUBLISHED EXCLUSIVELY BY DIGITAL EQUIPMENT CORPORATION, 1973 



TEACHER MANUAL 

\ 

\ 

\ Table of Contenta 

\ 
\ 

i 

I. Baalc Iitformatlon abcMt the Unit . ^ . * 1 

II. Introduction ....... .\. 2 

■ • ■ ■ . \ ■ . -\ ■' 

III. Sample Run ^3 

IV. Instructions for Running PH , , 5 

V. Using PH In the Classroom 6 

VI. Key for Student Investigations and Follow-up 

Questions 8 



PH 

TEACHER MANUAL 

I. BASIC INFORMATION ABOUT THE UNIT 
Subject Area ! Biology 

♦ 

Special Topic ; Enzyme Studies 

Grade Level : lOth - 12th 

Computer Language ! BASIC 



Special Languay 
Feature: TAB 



Abstract : The PH program consists of three different 

laboratory Investigations dealing with the 
pH specificity of enzymes. The purppse 
of the program Is to enable students to 
determine a possible explanation for pH 
specificity In an experimental, yet now 
mathematical, fashion. 



II, INTRODUCTION 



The program PH* and Its related STUDEltT MANUAL are not designed 
to replace the many worthwhile student experiments that can be carried 
out In the area of enzyme pH specificity (e.g., BSCS Yellow's Investi- 
gation 6-1). Rather, PB.it designed to a,Xlow the student to Investigate 
a possible "why" for pH specificity. 

This area of biology Is highly matheJbtlcal. Since the mathematics 
la generally beyond the tenth grade study of biology, the explanation of 
a biochemical phenomenon must often be taken on faith. The PH program 
was designed to present an explanation of the pR specificity of enzymes 
In a way that would allow students to sidestep the mathematics Involved. 

The PH materials outline three xillfferent laboratory Investigations. 
You will probably 4iot want to .carry out alFof these experiments, but 
we wanted to offer Interested students further activities In this field. 
The first Investigation deals with why many enzymes exhibit a bell-shaped 
curve when their activity Is plotted against different pH values. The 
second exercise provides an Introduction Into the Impbttance of structure 
In an enzyme. The third and last Investigation deals with a specific 
enzyme, aoetylohoHneeteraee, This enzyme was the study model for 
another HUNTINGTON TWO program, LOCKEYt and teachers looking for con- 
tinuity may want to use this exercise. 



Wft will use the convention of capital PH when referring to the prograd and 
materials and the conventional pH when referring to hydrogen Ion concentration. 



III, SAMPLE RUN 



1 

o 

/J 



f 

- . I o - t J « r ; o • \r T - n 2 • ; 



I 



HOW MANJY lOMir^nt^p AviiNjo Acins activf: ST tf. njp TO /o? 
AMIMO ACID I nonr >jn.? /i 

SHOULD IT '^F OWAHGFD (l^Y-JS* f^-VO) ? I 

AMI>JO ACID nODF •JO,? 7 

SHOULD IT C^Arvf^Kn Cl-YFS* laMO)? I 

BAMHE FO.'. THIS FXPFRIMF>JT! 
LOJ.rFR LI^IT? 7 
UPPFR LIMIT? 13 

RFLATIl'F FVJ-'.YMF ACTIv/ITY 
'I irj' '^n 3^ 4r> 5n 6T. 71 ^'1 ' 9'^ ini 

t 1 ----I I 1 1 I 1 

7 1*. ■ ^ 

I* 

R I* 

' ■ I ♦ "■ ^ 

II* 

I • ■ ' • • 

I * 

HI* 
I 

n I* 

I* . .• 

irv I* 
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IV, INSTRUCTIONS FOR RUNWuic PH 

The PH program requires inputs to the following questions: 

1) DO YOU WISH INSTRUCTIONS (1-YES, 0-NO)? 

If the students have sttidled this material, Instructions would be 
time-consuming and unnecessary. Many teachers may wish to delete* 
lines 190-240 and lines 300-430 to eliminate the instructions. 

2) CODE LIST (1-YES, 0-NO)? 

f 

vmile the code list is handy, it too. is duplicated in the STUDENT 
MANUAL , Those teachers wishing to eliminate both Instructions and 
the code list can delete lines 190 - 600. 

3) HOW MANY lONIZABLE AMINO ACIDS AT THE ACTIVE SITE (tiP TO A)? 

For INVESTIGATION n the student will choose either 1 or 2. In general, 
the more amino acids chosen, the more restricted will be the resulting 
pH range of the enzyme chosen. 

A) AMINO ACID 1 CODE HO.? 

The input here is a ninober correspondlilg to a particular afiiiho acld. 
Each amino acid and its corresponding number can be found on the 
code list. 

(NOTE: The order of the code list is semi-alphabetical, with all aqidic 
amino acids lifted first. Order does not denote "strength" or any 
other chemical property.) 

5) SHOULD AMINO ACID BE CHARGED (1-YES, 0-NO)? 

This question is the most difficult for students to understand. It 
means: "Should the amino add just named by code be la a charged con- 
dition if the enzyme is to have catalytic activity?" For INVESTIGATIO?fS 
§1 and H2 the answer to this question is always assumed to be "yes." 
This question is, at least at this point, both for INVESTIGATION U 
and for the interested, student who may want to investigate the PB 
model further r 

(NOTE: If the answer to Question #3 was 2 or more, the program will 
jump back to Question #A until all amino add information is Inputted.) 

6) PH RANGE FOR THIS EXPERIMENT . 

LCWER LIMIT? ^ 
UPPER LIMIT? 

When the studant has an idea as to when a change in activity will occur 
he can shorten the output by narrowing the pH range for the experiment. 
If your students are just beginning. It is best to encourage them to 
use 0 to lA (or at least 2 to l2). 
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Graphical Output 



Since the model la baaed on many approxlmatlona, a graphical output 
la both more honeat and more comprehenalble. You may want to have your 
atudents connect the polnta of the graph to Improve vlalblllty, eapeclally 
If the whole claaa will be observing theae reaulta. 



V. USING PH IN THE CUSSROOM 

Moat biology ctudenta are taught' that enzymea operate beat only at cer- 
tain pH levela, and thla knowledge la eaaentlal for undera tending certain 
ph|enomena auch aa the functioning of the human dlgeatlve tract. It la very 
difficult to teach why moat enzymea ahow a pH optimum, however, without Intro- 
ducing mathematlca too complex for moat tenth gradera. PH waa dealgned In an 
attempt to anawer thla queatlon without Introducing the underlying mathematlca. 

A, Preparation 

The following concepta are Important for a atudent's txnderatandlng of 
the PH program: 

> protein atructure 

> the nature of a catalyat 

t> the Idea that amino aclda can pick up a positive (+) 

or negative (-) charge (acidic and baalc amino acids). 

> the active alte of an enzyme (see,>p. 5, RESOURCE MANUAL) . 
Materials you should have on hand while using PH : 

f 

> Copies of pp. 1-3 of the STUDENT MANUAL , with names, 

\ structures and codes for the acidic and basic 
' amino acids. 

> Tape or tacks to hang up graphical output after each 

run. (If you use a fresh ribbon In the teletype, 
most students should be able to see the pattern 
from their seats.) 



B. Hints for Using PH 

1) As a classroom tool 

a) Run INVESTIGATION ^I/ as described In the STUDENT MANUAL . 
before class. PH allows combinations of amino acids that 
probably would not function In nature. These combinations 
will yield poor results. 



b) Teletypes are fun. Allow the student asking rhe •'What ifll* 
question to Input the proper Information. 

c) Since complete graphical output may take a few minutes on 
some systems, have s'Judents hypothesize about the results, 
under the assumption that the enzyme, Is active only when 
all the amino acids are Ionized: "What shape will the 
activity graph have?" or "Will the activity be greater 

or lower at pH 7?", etc. 

d) Bring up the example of leuoine amincpeptidoBe (see p. 6, 
RESOURCE MANUAL) . an enzyme that doesn't have a single 

pH optimum, and have the students explain why this enzyme 
doesn't -how a bell-shaped curve when Its activity Is 
plotted against different pH values. 



2) As a laboratory 

Many teachers have foui^i It easiest to use. computer-oriented 
exercises with part of the class while carrylr^ out a related 
laboratory for the rest of the class. This dc.ihles the exposure 
the Individual student can have, especially If you have access 
to only a single teletype. In addition, this approach tends to 
make the students rely more on themselves and the STUDENT MANUAL^ 
as you may be busy with those students carrying out the alternative 
laboratory. Some suggestions for alternative Labs that would work 
well with PH Include the BSCS Yellow Investigation 6-1, BSCS Blue 
Investigation 6-4, or S-15. Most ot;her lab books also contain 
enzyme' Investigations; 

If this approach Is not possible, you can still use FH, 
since students should be able to learn by observing the results 
of different runs. 

TNVESTIGATION n - This investigation develops most of 
the key concepts, including the nature of enzyme patterns, 
the role of amino acids at the active site, and the 
Importance of the number and types of amino acids present. 

There are three parts to this investigation. If, all three 
parts must be carried out in the same laboratory session, 
it would be advisable to have students break up into 
groups of 2 or 3, with 1/4 of the groups assigned to 
Experiment 1, 1/4 assigned to Experiment 2, and the 
rest of the group assigned to Experiment 3. By careful 
organization of groups, it should be possible to cover 
every possibility within a double-period laboratory 
session (or over two days). 
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When each group of students has finished at the computer 
teletype and made observations on the outputted data, 
have ^them hang up their output ^ carefully noting the. 
number and types of amino acids usedy so that ather 
groups might also observe the results. This technique 
should enable students to arrive at the answers to all 
the follow-up questions for the investigation. , 

INVESTIGATIONS H and - These two experimeats require 
either a great deal of trial-and«*error work or previous 
experience with INVESTIGATION therefore, it is not 
advisable to attempt either #2 or #3 with whole class 
groups. These investigations have been included in the 
STUDENT MANUAL (rather than In the RESOURCE MANUAL) for 
the benefit of interested atudents or groups of students 
who are working on their own, 

3) With individuals or small groups 

If you have computer facilities available to you over long 
periods of time, an individualized approach to PH will give the 
student maximum iiyvestigatlve experience. PH has been designed 
80 that there is iseldom a single correct solution; an organized 
experimental approach, however, will usually give the best results 
in a minimum of time. If time , is not a major prdblem, we recommend 
your students work through all three investigations. 

As far ail background material is concerned, you may want to 
provide tnoae students working on their own with appropriate 
readings tather than lecturing to them; the RESOURCE MANUAL is 
keyed for thio purpose. The information contained in the back- 
ground readingo in addition to the basic material in a standard 
text should be sufficient for these students to VMSi^PH. 



VI. K2Y FOR STUDENT INVESTIGATIONS AND FOLLOW-UP QUESTIONS 



INVESTIGATION n PATTERNS OF ENZYME ACTIVITY 

Exp^irtaent 1 WHAT PATTERN OF ENZYME ACTIVITY WOULD BE EXPECTED 
IF AN ENZYME HAD ONLY ONE CHARGED ACIDIC AMINO 
ACID AT ITS ACTIVE SITE? 

Correc t Inputs (You may wish to check the student's INPUT SHEET either 
before or after carrying out this laboratory) 
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NO. OF lONIZARLE AMINO ACIDS?^ 
AMINO ACID 1 CODE NO.? 



Correct Inputs 

1 

1.2.3 or 4 



SHOULD IT BE CHARGED (l-YES, 0-NO)? _1 
PH RANGE FOR THIS EXPERIMENT 

LOWER LIMIT? 0 

UPPER LIMIT? 



(Other nunbers may be used 
here; for example, to save 
time, 2 to 12 night be used. 



Sample Output - For amino acid^ #1 (aapcwtia aoid) assuming charged 
condition necessary for enzyme activity: 
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Othtr Poiilblt Sblutioni for Kxpirjaint 1 



An •nzyiM containing: 

anlno acid #2 (cyeUim) Ml ihow low activity In a pH range of 0-7 

and., high activity In a pH range of 9-14; 

amino acid #3 (glutaonio aoid)Ml ahow low activity In the range 0-3 

and high activity In the range 5-14; 

aalno add #4 (l^yroaine) will ahow low activity In the range 0-9, 

and high activity In the range 11-14. 

Student Qiieatlon for Experiment 1 

IN mica PB RANGE, 0-7 or 7-14, WOULD AN ENZYM THAT REQUIRES 
ONE CHARGED ACIDIC AMINO ACID WORK BEST? 



Anawer: The specific pH'a at which the enzyme might operate 
* best depends on the nature of the amino add at the 
active site. All addle amino adds tend to be 
Ionized at high pH values, however, so that If the 
ennyne requires this Ionization for activity. It 
woulHi operate best In the range 7 to 14. 



Additional Run for Experiment 1 



1 



HO'.' YiAMY lONJI^AHLE AMI>JO ACIDS AT ACTIVE SITF! (UP TO 4)? 1 

A-IIVO ACID 1 ---- CODE MO.? /| 
SHOULD IT CHAnO.,n) (l^YES* 'l-NO)? 1 

PM i'AMG?: FOR THIS EXPKflIME.>JT» 
LOVKH LIMIT? 7 

^3?pm Lr<iT? ir^ 



PH 

1 1 

13 
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HFLATIVF FVIYilF ACTIVITY 

"iPi sn 7ri qrj 
-II 1 1 1 1 1 J 1 1, 
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Experim ent 2 



SOTEi 



VmAT ENZYME ACTIVITY PATTERN WOULD BE EXPECTED 
FOR AN ENZYME THAT REQUIRED ONE CHARGED BASIC 
AMINO ACID AT THE ACTIVE SITE FOR ENZYME ACTIVITY? 

Exp^lanatlon of the computer Inputs are. in the 
STUDENT MANUAL only. under Experiment 1, If the' 
students have not carried out Experiment 1, they 
should read the STUDENT MANUAL for that experiment, 



Correct Inputs/ 
NO. OF lONIZABLE AMINO ACIDS? 1 ' 



AMINO ACID 1 CODE NO.? 



5, 6 ar 7 



SHOULD IT BE CHARGED (1-YES,0«NO)? 

PH RANGE FOR THIS EXPERIMENT 

LOWER LIMIT? ■_. 

UPPER LIMIT? 



14 



Sapple Output - For amino acid #6 (Hetidine) , assuming ionized condltibn 

necessary for enzyme activity: 
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OthT PoflbU Solutloot for ExpTli—nt 2 

An ensyM containing: 

amino acid IS (argining) at Its acttva aita will ahow low activity in a pH 

rMga of 3-14 and high activity in ranga 0-2; 

andno acid #7 (lyeine) at ita activa aitia will ahow low activity in tha 

ranga 11-14 and high activity in range 0-9. 

Student Quaation for Exparlmant 2 

OVER WHICH PH RASGE, 0-7 or ?'14, SHOULD AN EHZYm THAT REQUIRES 
ONE CHARGED BASIC AMINO ACID WORK BEST? 

Anawer : Juat aa with acidic amino acida at tha active aite, there 
is variation in behavior from amino acid to amino acid; 
but we should expect such an enzyme to be active at 
pH values 0*7. 

Additional Run for Experiment 2 



HOVJ MAMY lOMI^.A^LK AMI >I0 ACIPS AT ACTIVE 51 TF (U? TO /I)? I 

A^IMO AC in I CODF. MO.? 7 

SMO'Xn If Cif^:?GFn (l-YFS* '1a>J0)? I 

PH n'XMr,?.: ^o)i T»^ns expfrt>iknjt» ^ ' 

LO'.'/F:? LIMIT? 7i 5 
\)??F.:^ LI HT? 1*^.5 



PH 



n 
1 1 

19 



TFLATIVF FxJ'.YMF ACTIVITY 
1 n ^.'^ 31 /|T 51 6<i -"71 ' ••^'^ 
I 1 1 1 ----I 1 i----i 1 1- 
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INVESTIGATION n 



Experiment 3 WHAT PATTERN OP ENZYME ACTIVITY WOULD BE 

< ASSOCIATED WITH AN ENZYME THAT REQUIRE^ TWO 
' CHARTED AMINO ^ACIDS AT THE ACTIVE SITE, ONS 
ACIDIC AND ONE BASIC? 

NOTEj It li neceesery for the ■tudcots to read 
Experiment 1 before attempting this 
experiment. 



Correct Inputa 

NO. OF lONIZABLE AMINO ACIDS? 2 

AMINO ACID 1 — CODE NO. ? 1. 2. 3 or 4 

SHOULD IT BE CHARGED (1-YES, 0-NO)? _JL 

PH RANGE FOR THIS EXPERIMENT 

LOWER LIMIT? g 

UPPER UNIT? ■ 14 



O 

(See Sample Output on following page.) 
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FOLLOW-UP QUESTIONS FOR INVESTIGATION §1 



1) At what pH. values (high or low) are the acidic amino acids charged? 

The acidic amino acids' are generally charged at high pH values. 
This is because at high pH values there ate few hydrogen ions 
but many hydroxide ions in solution^ causing the hydrogen to 
be removed from the side groups of these amino acids » leaving 
them with a net negative charge, 

2) 'At what pH values (high or low) ate the basic amino acids charged? 

The basic amino acids are generally charged at lov pH values, - 
This is because at lav pH values hydrogen ions are in excess , 
an unbalanced situation which moves toward equilibrium by 
the addition of hydrogen ions to the basic amino acids » 
leaving each amino acid ifith a net positive charge, 

3) Pepsin works- best only at low pH values of 1 or 2, What type(s) 
of charged amino acids might be found at its active site? 

Since we are restricting our answer to amino acids carrying 
a char,ge^ there would have to be a basic amino acid at the 
active site 9 ^ince at these extremely low pH values only 
basic amino acids are charged, 

4) Most Enzymes in living cells work best around a pit of 6, 7 or 8 and 
do not work at all in very high or very low pH*s, What kind(s) of 
amino acids might cause this behavior? 

There are several correct answers for this question. The 
most likely response » considering the results of this 
investigation^ is that at least one acidic and one basic 
amino acid must be present at the active site. Another 
correct answer to this question would be two acidic amino 
acids at the active site^ one charged and the other 
uncharged. There are other correct solutions and the 
best test of an answer would be a run of the PH program. 
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OthT PoiilbU Solutloni for Bx^rlaent 3 



, Thtfrt are 12 different eolutloni for thii experiment. In general, they 
iflll exhibit bell-ehapad cur vea with various degrees of extent. A few con- 
blnatlona will exhibit no activity. 



Student Question for Experiaient 3 

WHAT GEhEnAL PATTEIW OF ACTIVITY CAN BE EXPECTED FOR AN ENZYME 
WITH TWO IONIZED AMINO ACIDS AT ITS ACTIVE SITE, IF ONE IS 
ACIDIC AND THE OTHER BASIC? 

Answer : Activity is usually displayed in the middle pH region 
with little or no activity at the acidic and basic 
extremes. In general, the curve can be called 
bell-shaped. 

Additional Run for Experiment 3 



'^O*' MAVy 1 0>JI '.A'^LF A'V^I <jn API nS AT ACTIVF .SITF fUP TO 4)? '> 

AMIVO-ACID 1 CODF MO. ? ? ' > 

S-fOiJLn IT '^F CHAP.RFD (l=yFS* 1a\I0)? 1 

AMIMO ACtn P COHK MO.? 7 

• .S'^niJUD IT CKAy.nFO (1«YFS* TavjO)? 1 

RA\>RF pnn T^^IS FXPFlilvtrMTl 
KOrKl LI^IT? ft 
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r> 

7 
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h^:lativf f.^zyak activity 
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S—plt Output - Using amino adds #1 (aepcoftio aoidi §nd #6 

(hi§Hdlm) and Mivnlng lonlitd condition 
of both nacMtary for #ntyM actlvltyt 
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' jnvssTiGATion n kffect on ENzm activity of the humber of — 

lONIZABLE AMINO ACIDS AT THE ACTIVE^ SITE, 

• % 

. . V 

There la no single nolutlom to any of the exp'torlmenta In thla Inveatlga-- 
tlon. Yor thla reaaon many teachera .will want to avoid thla Inv^etlget^on 
with large groups* 



Experiment 1 IS THERE MORE THAN ONE COMBINATION OT 

TWO AMINO ACIDS THAT WILL' PRODUCE A 
MAXIMUM ACTIVITY IN THE ^GE OF pH 7? 

/ 

/ 

Due to the large niniber of conblnatlona possible (over 150) » there 
are very likely many amino acid conblnatlona th^t yield maximum 
a;Ctlvlty In a pH range of 7. 

^ : L : 

For Experiments,. 2 and 3| let students work with any of these eligible sets 
of amino acids« These amino acids may be In the charged or uncharged . 
states. 

/ 

. • / 



Experiment 2 VmAT IS THE EFFECT OP ADDING A THIRD AMINO > 

ACID AT THE ACTIVE ^ITE? 

It dflipends' oh the type of amino add added; uamlty, the addition ' 

of^to amino acid of the same tyjpe an one of those already present { 

will have the. least effect. I 



For this experiment, let the students add any of the seven amino acids 
available. In either the charged or the uncharged state » to satisfy the 
catalytic requirement. ^ ^ . 



WHAT IS THE EFFECT OF ADDING A FOURTH AMINO 
ACID AT THE ACTIVE SITE OF AN ENZYME, ASSUMING 
THAT ACTIVITY IS MDDERATE TO HIGH WITH THREE 
lONIZABLE AMINO ACIDS PRESENT? 

In general, the greater the nunber of amino acids, the more 
restricted the pH range In which an ensyme Is active. 



Experiment 3 



FOLL0M*UP QUESTIONS FOR INVESTIGATION U 

1) All other factors being the same, does the addition of another 
lonlzable ^no acid improve the activity of an enzyme? 

No; in general the addition of another amino acid lowers 
activity and narrows the range of activity. (See the three 
sample runs for this experiment.) 

k 

2) Why might a certain enzyme have three or four lonlzable amino 
acids at its active site? 

'7 

If three or four were required for catalytic activity, they 
would have to be present or no catalytic activity would 
result at all. (Mote t This is an aspect of Pff which can 
lead many students astray. You taay wish to emphasize this 
in your classroom follow-up.) 

3) While knowledge of the detailed structure of most enzymes is 

still lacking, there are indications that most enzymes have ) 
only one or two ionizable amino acids at the active site. 
Why might this make sense frotf the investigation that you just 
carried out? . ' 

One of the conclusions the student might come to from this 
investigati6n is that the addition of a third or fourth 
amino acid is disadvantageous, unless there is a good reason 
for the presence of the extra amino acid(8). (Some genet- 
icists have begun to use this idea as a basis for molecular 
evolution.) ' ^ 

4) Assume that an enzyme works well with two ionizable amino acids 
at the active' site. If an animal were bom with a mutation that 
caused a third ionizable amino acid to be placed at the active 
site, what would be the chances thi^t the mutation would be passed 
on? WHY? 

"^his is an open discussion question. Some of the above ideas 
may play an important role in the ultimate decision (or lack 
of one) by your class. 
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INVESTIGATION U3 INVESTIGATION OF THE ACTIVE SITE 

OF THE ENZYME ACETYLCHOLINESTERASE, 

NOTEj Additional background materials on the en«yme aoetylahoUneeteraae 
may be found in the materials for the HUNTINGTON WO program LOCKET, 



GIVEN (1) THAT THE ENZYME ACETYLCHOLINESTERASE 
IS KNOWN TO HAVE A pH OPTIMUM IN THE AREA OF 
8.5 to 9, AND (2) THAT THERE ARE THOUGHT TO 
BE TWO lONIZABLE AMINO ACH)S LOCATED At THE 
ACTIVE SITE (ONE CHARGED AND ONE UNCHARGED) , 
WHAT TWO AMINO ,ACIDS ARE RESPONSIBLE FOR 
THE ENZYME'S pH BEHAVIOR? 



^ Since there are many experimental approaches that might be taken in 
this Investigation, no specific directions have been given. Students might 
find the additional background material in the RESOURCE MANUAL helpful in 
determining a method of approach. _ 

A Sample Approach to INVESTIGATION if 3 

♦ 

The fc^lowlng approach is only one of several that should prove 
successful:'' 



1) First determine the characteristics of each amino 
acid: when it is ionized, when it is un-ionized, etc. 

2) Discard from consideration all amino acids that ^ 
undergo ipnizatidn change In a region other than 
near pH 9 j; these amino acids are unlikely to 
produce an optimum in the proper range , as 

shown by the results of INVESTIGAJ'ION ftl^ > 
Experiment 3. 

3) Investigate the combined properties of remaining 
amino acids » when one amino acid is ionized and 
the other un«-ionized (not charged). 

4) Select as the most probable choice the pair th-at 
produce an optimum near pH 8.5 to 9 and that meet 
the requirements noted in the background materials. 

5) Also examine other possible combinations that have 
an optimum around pH 8.5 to 9. 




A Poiilblt Solution 



Uilng a aathemtlcal procedure elmllar to that carried out by the pro 
graa PH, biochemists have come up with the most probable lonljsable amino 
aglds at the active site of acetylcholinesterase: 

Site A: oyateine In the charged condition 

Site B: typoaine In the uncharged condition. 

The following graph produced by the PB program will confirm that the 
presence pf cysteine In a negatively charged state and tyrosine In an 
uncharged state produces a pH maximum In the proper range and meets the 
requirements noted In the background materials. 

Instructors with a knowledge of catalytic mechanisms may recognize 
this state as being favorable for acid-base catalysis. 
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Graphical Output for thla Solution 



HOV; MANJY T'>\JI''.AnLK AMIMO ACIDS AT ACTIUK SIX'S ( 'J? TO 4 > ? 
A'MIMO Ann 1 ---- COD^ MO'. ? 

'swoin.n IT np r ^ARGF.n (layrs* i 

A^IIVO ACir> q r.ODF. >J0.? /{ 

SHOLILO IT "R CWAP.nRD (laYKS* "5af^J0)? 1 

'."f ^n^GF FOt: THIS FXi'>F:?IMF\ITs 

LOv-'Kl! LIMIT? 0 / 
LIMIT? 1 /I 
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NOTE : There may be other solutions. Certain biochemists have suggested the 
use of hietidine. You may want to examine this possible solution your- 
self,! or have one of your students work with this possibility. 




F01 10W»UP QUESTIONS FOR IHVESTIGATION U 



1) Should the amino acid at alte A be Acldlc or basic? WHY? 

The amino acid at alte A should be acldl:. In the background 
materials it was noted that the amino acid at site A was 
thought to carry a negative charge. Only an acidic amino 
acid la likely to develop a negative charge through the loss 
of a hydrogen ion. 

(For your information this deduction, in parf., cm from 
noting the nature of the substrate. Acetylcholine, the 
natural substrate, has a positive charge in the equivalent 
location.) 

2) If there were no ionlzable amino acid at site B, what would 
" the sketch of the activity curve look like? 

« 

In this case the activity plotted against pH would show low 
activity In the basic pH range» assuming site A contained 
an acidic amino acid that had to be In the charged state 
for caiialysls. 

(Note : If another answer were given for Question #1 above » 
the response to this question would also be different.) 

3) If there were an uncharged lonlzable amino acid a^ site B» 
would it be acidic or basic? WHY? 

If the student has used an ionized (charged) acidic amino 
acid at site A| then he must use an uncharged acidic amino 
acid at site B. If a basic amino acid is used, a broad 
range of pH optimum generally results* (There are some 
solutions that make use of basic amino acids , however.) 

4) Vrtiat amlno_aeid(^ is probably at site A? 

Scientists think cysteine most likely. 

5) What amino acld(s) is probably at site B? 

Tyrosine seems to be the most likely choice. 

6) Are there iny other combinations of amino acids (charged or unchaiTged) 
that might produce maximtim activity at or near pH 8.5? 

There may well be, since the ?H program alone allows over 
2500 combinations of amino acids. 
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RESOURCE HANDBOOK 11.00 



HfcJrtlngton II Simulation Program -PH 




DIGITAL EQUIPMENT CORPORATION 
EDUCATIONAL PUBLICATIONS 



A partial list of the publications in the continuing series of 
curriculum material published by Digital for use with EduSystems 
and RSTS are listed below. Please inquire directly for prices 
On classroom quantities. 

These publications may be ordered (cash enclosed) from: 

Software Distribution Center 
Digital Equipment Corporation 
Maynard, Massachusetts 01754 

Populution: Self Teaching BASIC Workbook $2.00 
101 BASIC Computer Games $5.00 
Understanding Mathematics and Logic Using BASIC Computer Games $l!50 



BASIC Matrix Operations, Project Solo 
Computer Augmented Csdculus Topics 
Problems for Computer Mathematics 
Advanced Problems for Computer Mathematics 
Tutorial Exercises for Chemistry 



BASIC Application Programs 
Mathematics I 
Mathematics II 
Science 

Business and Social Studies 
Plotting 

Chemistry / 

Huntington I Application Progr^s 
Mathematics . 
Teacher Assistance 

Huntington I Simulation £>iograms 
Biology 
Chemistry 
Earth Science 
Phys ics 

Social studies 

Huntington I I Simulation Modules 
Student workbook 
Teacher's Guide 
Resource Handbook 
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RKSOURCK MANUAl. 



INTRODUCTION 



Somo of the material In this manual is written with the student, rather 
thcu. th ^ toaoher, in mind. It is our hopu tliat an interested student will 
bo able to rt'search and find Iris own answers to questions posed in the PH 
proi^ram, using certain materials in this manual as the necessary background. 

Other parts vif this manual are clearly meant for the teacher. Those 
Stu-.tioas that are intended solely for background reading will be marked 
with a 1^ , and the sections containing extended materials for the teacher 
will he marked with a #. Sections marked with both (♦•) indicate a mixed 
f U(U' t i on. 

I. BACKGROUND INPORiMATlON 

lau-ymfs aij l^roielT is 

Struct lira i ly, enzymes are pvote:ne\ therefore, it is necessary to 
understand tlie nature of proteins in order to understand enzymes. Proteins 
are polvTieric. A polymer may* be thought of as a group of r^inrilav units 
b».-iujt'(l together in a chain. Figure 1 can bo used to represent a polymer. 
In this ease, the similar polymer unit is the circle. Notice that not all 
tin- t.Ircles are exactly the same. The definition of a polymer requires 
on.lv that the u'n i t ^; be similar. 



FIGURE I 



Wf will take thy en the end of tht^ chain to mean ''and so on.*' 

Ihis aneth^'r characteristic of most polymers; they are long. Also, 
i.hr units tUa'- m<ike up the polymer are usual Iv bonded together In a par- 
ti fular fashion. We have now stated three requirements of proteins as 
polvmi^rs: thev mtist be made up of similar units in a chain; the chain 
must lon^;; and the units should he hondorl toyi;ether In a particular 
\ ash i on • 



id 



riui Mails rliar makf up proteins are called amino acids. AIL amino ^ 
arlds are i t r iic t ura 1 1 v siniilir, Fij?,uro 2 bolow illustrates the basic 
structiin* :>{ an iminu a\:(cl. K.uh amlnti add Is bastnl on a central carbon 
atom (1) tu wlit> i. i .uir dii h-r^Mit ^^oups ari* attached: tlie amino group (2) 
composed of a nitrogen and two hvdropens, tlie rarbo:<y] or carboxvllic ' 
arid ^;roup ( \) , a sin^b- hvdroKen (4) and a .sid«^ ysoup or rephu,eraent 
V^ro'ip r>). ni t ii^se \;roaps> t>nlv tlie side ^roup is nl lowed to varv from 
one ami no :\c i d t o aiiot he r . 

^ ft ' 
2 NI-C-!C 3 

4 \ 

FIGURE 2 ^ 

In Ki..;ur' \ v.>a two implies of amino ae i d;-i . In ^'Jycine (a) the side 

.eronp (K) -1-; .i ^in/Jr h vd rt)_i-';en atom; in as])artie acid (b) the side group 
i mor- v'.>:ti:> U' x . !U>t|i xyc ami no <u*ids, ht^wever, and can be found in pro- 
rdn i>i > 1 VH). . rii^rc ar*' ovt iO otilitT typ(»s of amines ncids that can be 
1 iiunJ m jr'f^t.. in ;. 1 .i^ I; of ttn^st/ ami.io acids (with two exceptions) is 
.-it I u<- 1 ur.i I ! V i Irni i a ] rx( 'pi f(>r' the side (R) v;rou}). 



\ I 



* 0 ' 

\ *c-oh/ 

A H / '>H^C-H/ 

N-C~C 

h"' I ""oh h'" I ""oh 

H H 

(a) (b) 

FIGURE 3 

lii^w loii' art.- protiin polvmers.' T'^ soim IdtM of what "lonj^/* means 

in t . I'-- pi'ftiMM^, l^)ok nt (wo •^Knmnlt's: and ' '11 ih'n 

1. vi[ (hi* iort'*-;* pr'if. in [-/Ivmr'; knowtt and lias "31 amino 

I' id-; irt,i!\i'.'d in (wo hava;. ^ ' I 1 a/,' ■ o , wfii.-h i fouful in vonr hair and 

■ i 'Kv ri I ! ' - , '.•■in have \ < cr.' i; i/JOO amino :p''irls - — .ind (m)1 la;:en is 
' 1 . 'vh t a • • 'A ; I ! ' !♦ i jr*'\t ' I ;a ■ o . • j t, ^ 
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Proteins have their amino acid units bonded together by peptide bond . 
Figure 4 shows the location of a peptide bond. The covalent bond is always 
between the amino group of one amino acid and the carboxyl group of the 
other. 



H 



N - 



H 
I 

H 



r ^ 1 

'OH 
ft \ 
C N 

\ 1 



COOH 
I 

CH2 

c - c 

H 



Thjp i fee carboxyl groups can in turn be bonded to the amino group of 
another amino, acid and so on until long chains result. 

/ I'rotoins are not straight chains; they are folded over and about them- 
s*nves. Studies have shown that this folding becomes an important consider- 
aj:ion when one attempts to determine the properties of a protein. Heat and 
s/trong acids and bases are among the many factors that can change the folding 
j^f a protein. Think of the change that occurs when you cook egg white, 
ytlgg white L.S a solution of albumin, a protein. 

r iaizymes a^» C.italysts 

We can picture a, chemical reaction as a hill. No matter what the 
grade on the other side of the hill, it is going to take energy to get up 
to the crest of the hill. If wo could in some way lower the top of the 
hili, with a bulldozer for instance, it would require less energy to get 
to the other side. Catalysts act by "lowering the hill." 



BEFORE 



AFTER 



FIGURE 5 
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V lor ail .•.Kamplc, l.'t's tako an nmyma calU^d acetylcholinesterase. 
riiHs •Mizvmf si>,','cii> t h.' br-Mkdowa oi tlu; chemical ac.etyl.ochol ^ne into two 

parts, ilv.ilitU' .Mil ,ii. i-L u: ,'U-lci. 



acetyl < choline 



acetic 
acid 



choline 



FIGURE 6 



This brivik-i-;) vouM ore ur nat ara 1 I y , hut aL a very slow rate, because the 
i.'iur.^/ ri(|uir\'ii i.» "vv^t. un hi IT' is ^reat, (This amount of energy Is 

^i^^' ' ' • oT thu rt^action.) In, fact, the reaction would 

!)r:i)» -t J s< -l..wlv that wm would die because? your nerves would stop func- 
t ion i i i!i lower the* activation energy so that the reaction will 
I) r or t 'I'd rii)rt' i^m i k 1 

l\' VKdiu\- ih< u'fivatidn energy^ we require a particular enzyme, since 
eai'li -n/.\":if is spr^ i\ic and i-; a catalyst for only one of a few reactions* 
\n < iK:viii.' V ni'iot . iowoi' Ll)i! activatioa ener);y of any of the- other reactions 
Inat riiij.iit t^r- .oiM;; on at. the same time. In c;ur case, wo require the 

i'n/.vnif.' ai ft v I rh ^ 1 i a.-st.r ra^t*. 

i n. -fi/vrr ri r .t bonds to t lie substrate (the substance that the enzyme 
works >n), r .M mi U/'^ an t azyme-snhs t rat:e > Most enzymes are thought to have 

ririri!i (i ';roaps that in some way lower the amount of energy 
reqaireil t.^r tar rra« f ion. Whin] the risaction is over, the enzyme releases 
t he p roJui t . 



E + S 



♦ t - S ► E - p 



separate enzyme 
enzyme substrate 
and substrate complex 



enzyme 

and products 

after reaction 



E + P 

separate 
enzyme 
and products 
after reaction 



FIGURE 7 
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Figure 7 sl.uws thi- tnu^vV fmerginR t rem the redaction unchanged. This 
IS another charac L.-r i si 1 c of \ .atalyst, that it takes part In a reaction 
but IS Itsi'Ii unalUTi.'J bv Lh-Veaction. For this reason, a catalyst (in 
our case, tho t..n/.ynu..) can l-o us^d ovor and over again. Furthermore, onlv 
a small a-nount ot catalvii js rtuKilrod fur a reaction involving a laree ' 
amount o.t 1*10 siihr rat f. • ^ f b 



It js 'w. s.;it>i^ ;o di-:iu-.t a rc-nc\i 



on 



a f ata iv t. in t '110 toll 



owiii'.-; wav; 



in which an enzyme Is prosent as 



activation 
energy without 
enzyme 



E-S 



E-P 



FIGURE 8 



activation 
energy with 
enzyme 



riu- ..■;:.:v;:m. doo:. not d, in«. ihr substrate or the products that would normally 
tor.n; it -nlv lowors t'ao activation enor^^v, allowing the reaction to occur 



'•a 



in.i ijs.iia 



rap id 1 V . 



A> r i V Sit' 



an hii;'vnu' 



•'n. o s, i,.ntists disrovorod some of the mechanisms of enzvrae action, 
''1'"^' ^" •"■'swor' aiiothor question: Doe i the whole en^.yme take part in 
i-atilvsis.' Carpful i nves t i^vi t ions using many different techniques have 

^■^■r<'^'n aroas of an en/.yme are very important for catalysis, 
win It ,,th,.r areas l.avr no -.tf.M.t on the enzyn.eVs catalytic ability. This 

' ' "* iLL'jLi: liitll, the area of the enzyme on which catalysis 
'>"'. ^^-'-iv en/.vmes may havo more than one active site, but 
nil the a. iivr -;ite; in surb rases are involved in the catalvsis of the same 
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^# On the pH Specificity of Enzymes 

Nearly all enzymes exhibit pH optima. Some specific examples that 
you may find useful in class discussion are listed below; 

Kn2yroi> pH Optimum 

Salivary amylase ^ 5.5 - 6.5 

Pepsin 1 - 2 

Pancreatic amylase 6.7 - 7.2 

TrysLn 7.8 - 8.7 

Lipase .8 
Maltase 6.1-6.8 

« 

The ranges in the above figures reflect th^range of experimental 
determination; but even then the variations are small. Most enzymes 
liave a bell-shaped curve when their activity is plotted against pH (see 
(a) below) . 



ACTIVITY 




PH 

(O) (b) 
FIGURE 9 

However there are a few enzymes such as leucine aminopeptidase that 
show quite a different curve (see (b)). Why should enzymes in general show 
a bell-shaped curve and have restricted pH optima? And why do certain 
enzymes bl^have differently? 

As we said before, the answers to these questions can become highly 
mathematical; while wejdo not expect high school students to understand 
the 'mathematical solutions involved, we hope that by using PH they will 
acquire a basic understanding of pH specificity — the norm and the 
'exceptions. ^ 

pH can affect (I) the, affinity of an enzyme for its substrate; (2) the 
stability of the enzyme; or (3) the catalytic ,ictj^n of the enzyme. The 
effeccs of (1) and (2) can often bo screened out of experimental results. 
Wlien this is done the "bell^^shaped curve" still remains. It seems, then, 
that a pH optimum is due primarily to the effect of different pH values 
on tlie catalytic action of the enzym^', 

1 




In mMu^ral enzvmeH aro thought to function ihrouijh acid-base catalysis; 
In ord^^r for ihiii type of catalysis to.occur^ there muBt be charged groups 
at tfu' active site of the enzyme. Sincti' tinzymes are protein structures, 
the ^on.iv possible charged groups will be amino acids. Luckily, there are 
only a few amia<.) acids that ^an carry a charge on their side groups (R groups) 

Those amino acids that can carry a positive charge on their side group 
(bv piikin^ up an additional hydrogen ion) are called basic amino acids. 
One. example i>r a btisic amino acid Is |ysl 



. n(» 



I I 

(CH)4 + ;^IZ? (CH2)4 

1 . I 

H2N-CH- COOH H2N-CH-COOH 



FIGURE 10 



Sirn't' A livdro^Mii ion (W^ Is Involved In such a reaction, a basic 
amino acid '.m carry a net positive charge only at certain pH values, 
ishib' rhr p it tern is llie same for eacli of tlie basic amino acids, each 
basic' iniino a< id li its own range of pH values in wliich It is charged. 



BASIC AMINO ACIDS 



pH at wtiich tbe 
^^roun is one-ha 1 f 
i(>niz(»d pK,^ 



R-Croup Structure 



1 . A8 



-CHj-CH^-CHp-NH-C = NH 



10.0 



-CH ,-Q?.-CH,.-CH -NM, 



5^ 



Other amino acl<ls can carry, a fle't negative charge (by releasing a 
hydrogen ion). Theat amino acids are called acidic. Glutcmio aoid is 
one example: 



COOH ^ COO ' 

» I 
CH2 CH2 

CH2 ^ ' CH2 
I I 
H2N-CH-COOH HJ2N-CH-COOH 



H 



FIGURE II 



Likewise,', each acidic amino acid has a certain particular range of pH 
values in which It Is charged. For example glutamio CKnd is highly 
charged at fti higher than 5, while tyroaine is charged only at pH 
higher than\ll. 



ACIDIC AMINO ACIDS 



pK^ ' R-Group Structure 



^-A'ru: ACID 4.6 -CHj-COOH 



C'^^'-^'riF 8.3 -CH2-SH 



;/..7:/i.v': ^ acid 4.25 " -CH2-CH2-C00H 

'■'^■VnF 10.7 .CH2-CgH^-0H 



\ 




U\ «faot;i i , iKif-i. iinii..- . r..' . iiar^'-ct if 1 i;w (acidic) p!! values,"" 

while acidJC atnim^ xc- -'larfTd .u hij;h (basLc) pH values. Yoiir 

♦itudc-nrr. shou,d b.. Ah\- J.vvKm., Mifs un.l.Tsianditig throuRh oxpor lthont.4- 
t Ion wiLli tty> M\.H;ram , ^ 



Hoi. it i on 



:i V.r -.-vmo A ■ i v i t •. L.-" Am 



no- Ai' i cl ('l;ar -.'i' 



It a ha^^ii and an a.'iiU^ ai:un.> a.-id aro both prescmt at th« active 
site ot an ..■n.'.vnu- , a b.-. 1 1 --shap.-d i,:urvi- mav. develop. Since the basic amino 
acid is ohar.-'.'d .nilv at : .... pH valii.vs and tlio acLdic amino acid Is charged 
only ill higa valu.;., tl.,;v hoLi. will be charged . only in the raiddlo of 
th<- pll a ,i( .ii! , ! ,- ho\h tht- .cidic and the baf^ic. atnuio acids 

are requirt d lor tlic en/.vi-H- ' s oat-iUtic acLlvLty, then we will find that 
the en:v:!;e iia'-; ,i res f r i e t .ni ,)fl .jptiiiinTn somewhere around 7 on the pH scale. 



100 
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IONIZATION 




7 8 9 10 II 12 13 



FIGURE 12 

- i!'^ /i.c-^^uf't i.M- ::i • 'h ! I-sii'.^jtid curves seen for many enzymes. 
It [)Vr-U'U.^^ i)[ . ^ hi-, it amino acid is necessary for 

tilt' .MK'A'P, f,, tun*:MMn, -n.n:::! .;x;--^t r r, ratalvtic activity only 



■ ^ xpLiip i:, M t ivi r -iwr o; .-m vr.zynw such as leucine 

-1*' "'i:- ' rain^uiM -vrr t!ie cnllrt' basic range? 
J'^"' /t r-^, v;)t4 slu.MiId hv at)lp t r. forTnulate a. 




• pH and Amino Acid Charge State 

Ah for many otiior cliemical reactions, a rhaiuui In ttui char^i* of an 
amino acid can he d^^scrfbed by an cfinlllbrium iMpjatlon, Fdt the reaction 



amino acid 11*^ f amtnci acid*^ 

we can write the lowing tviuLiibrium expross Li»n: 



a 



[H j [amino acid*"] 

[ a^nino ac id | ^ ^ 



Rearranc^lny; t.Tms we obtain: 



, 4. , [amino id I 

|H 1 - K,^ —r : [-> 

^ [ranjnu .h i J J ^ 



If we ctssumt* that only a, very small number •>t thr. !ivdro)t!;en ions present 
are contributed bv the water, we can derive an expt.'ssion for th,- {'H of rhe 
solution from Equation [2] above. To do Uifs, first i.iUr the lo- of. earn side 

, [Mf.uao ac ; M 1 

lOK [H 1 lo, + lo, -L-- .-L 

Since pH ^'quals tlie iu>p.ative log of the hv^iioi/en un\ t'ouu^-ntrat i on , muUi- 
plying Equation |3] through by -1 will j^^jve tis thr desired expre:.^s ion : 



, , r 4- 1 [amino acid I 

p(f - -lo^; [H-^l = -loR K + lo« ---^ 

[amino ac id 1 ' 

Xote tliat mult ip>b*ii^t^thn)ush by -1 inverts the fraction. Also, Ltie quantity 
(-log K.^) is a c^onstAfft for any single amino acid. This difficult form of 
the equation can be simplified by introducing a new quantitv called the pK.^, 
the negative log oT the constant K.^. ^ By substituting this new quantilv 
into liquation l4] and rearranging terms, we obtain: 

[amino ac id*^] 
lo^ J ^ -1 ^ pH - pK^ 

! ami no acidj 

Using tliis tqu.it ion, it is possihlf' to calculat"- t1u^ p^-*!' r*-\\{ ';t .i'Aiw 
acid fn the char.;ed form at any pM. Althiumh ilii. equat i;ni w.i- 
using an acidir amino acid, a similar er|ii,A(irMi h.' dtM*i\'*".i '.ni 

amino :icicis. He..' prt^gram / /:* <'^yalual»'S Mi» !i * -qti/tf t ;>n;, tor th- '-tiiM.^i' 
over ttie f^nrirt' p]\ ranr.e frt^m 0 tr^ li. 
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PROGRAM LISTING 
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Ill, THE PH MODEL 



Program Equations and Assumptions 

! 

\ 

1) Equations der> ved from the Henderson-Hasselbach equation for weak 
acids are assumed to be a valid description for the reactions of 
side groups of amino acids: 

log (lonized/de-ionized) « pH - pK^ 

log (lonlzed/de-lonlzed) • pK^- pH 

a 

2) When more than one lonlzable amino acid Is present at the active 
site, all amino acid side groups are assumed to be equally Impor- 
tant in carrying out catalysis: 

catalytic ability » (% amino acid //I with proper charge) 

X (% amino acid //2 with proper charge) 
X • • • • • 

3) None of t\}e amino acids at the active site are N-termlnal or C-termlnal 
thus alpha amino and alpha carboxyl groups are not significant. 

4) Neither the structure of the enzyme nor the structure of the substrate 
is assumed to have a modifying effect on catalysis. 

5) pH Is assumed to affect only the enzyme, not the substrate. 

6) At no time doef> the enzyme become Irreversibly denatured. 



5y 
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for acidic groups 
for basic groups 



Program Vnrlablea and Their Meanlnt; 



A(T) pK.^ of amino acid //T multlpllt^d by Identifier 

(H for acidic, -1 for. basic amino acids) 



All. ino acid code number holder 
. CharR»;d state identifier (-1 means uncharged) 

IKT) pK.^, holder 

^' cent of amino acid in correctly charged state 

. Number of amino acids at active site 

f pH 

!'l Lower Limit of pH determination 

■ Upper limit of pH determination 

Q ^ R(»spt>nst? holder 
f Goimtor 

I 

Cat..ilvtir ability of the enzyme 
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